Manganese is generally agreed to be essential for the prevention ofperosis, a bone deformity ofchicks and turkeys, and it may perhaps also be essential for normal bone formation in mammals. The mode of action of manganese in calcium and phosphorus metabolisn has not been established but a role as activator ofphosphatase has been suggested because chicks receiving added manganese show a rise in the manganese content of bone and an increase in phosphatase activity.
Manganese is generally agreed to be essential for the prevention ofperosis, a bone deformity ofchicks and turkeys, and it may perhaps also be essential for normal bone formation in mammals. The mode of action of manganese in calcium and phosphorus metabolisn has not been established but a role as activator ofphosphatase has been suggested because chicks receiving added manganese show a rise in the manganese content of bone and an increase in phosphatase activity.
The present work is concerned not only with the manganese content of bone but also with the distribution of the element among its constituent parts, in the hope of finding new evidence pertinent to the elucidation of function.
EXPERIMENTAL Analytical method8
Emission spectrography. A Littrow type quartz spectrograph (Hilger E1) was used in two settings covering the regions 2260-2880 and 2870-5050 A. on 10 x 4 in. (25 x 10 cm.) plates. The light source was a d.c. arc (230 V.) between graphite or graphite-copper electrodes. For most of the work the copper-on-graphite electrodes were used; two 1 cm. lengths of pure copper rod (5 mm. diam.) were pushed into holes bored into the ends of graphite rods (9-5 mm. diam.). When the arc was running the electrodes became much hotter than simple copper electrodes and trace metals present in ash placed on the lower electrode were well volatilized into the flame. The raies ultimes of Mn (4030.8, 4033-1, 4034 5 A.) Fresh ox femurs from the abattoir were used. (i) After removing flesh and marrow, the bone was cut into sections which were then reduced to shavings on a lathe, taking care to avoid contamination. The shavings, consisting of both compact and cancellous bone, were subjected to extraction with glass-distilled water saturated with CHC13. Three fractions were obtained, an aqueous phase, the residual shavings, and fat removed by means of ether from the extract. The bone marrow was shaken with ether for 4 hr. and on standing aqueous and ethereal phases separated, with gelatinous material at the interface. Much of this material appeared to consist of cell-wall debris from the marrow tissue, and was subsequently separated and washed with glass-distilled water. The two aqueous extracts were separately evaporated to dryness and the residues incinerated. The two ethereal extracts were washed with water, dried over Na3SO4, and the ether removed from measured portions and the residues burned off. The shavings and the 'cell-wall debris' were each dried and ashed. The six samples of ash were examined spectrographically on graphite and on copper-on-graphite electrodes.
(ii) (a) Fresh bone shavings were decalcified as follows: shavings (20 g.) were shaken with 0-IN-HNO0 (1 1.) made from redistilled acid diluted with glass-distilled water. The suspension was filtered and the filtrate and residue subjected to emission spectrum analysis.
(b) The above treatment was repeated on a fresh sample (20 g.) and the residual shavings were left to stand overnight in a further 0-51. of 0-1N-HNO3. The second extract and the (largely organic) residue were examined spectrographically. The very small amount of ash from the decalcified material was diluted with 'speepure' (NH4)2S04.
(iii) Two types of shavings were obtained from an ox femur, namely compact bone from the shaft and cancellous bone tissue from the head of the femur. Aqueous extracts from each type of material were made and portions were incubated with disodium phenylphosphate at pH 9 with suitable controls. After 16 hr. the solutions were tested for free phenol using 2:6-dichloroquinone chloroimide. The extracts were also tested spectrographically for Mn.
(iv) Another fresh ox femur was cut into sections and the marrow removed as completely as possible. The different portions of bone consisted of (a) predominantly epiphyseal bone from the head, (b) a mixture of epiphyseal and diaphyseal bone, and (c) diaphyseal bone from the shaft.
The separate portions of bone were incinerated and the proportions of ash determined.
(v) A portion of bone shaft was cleaned and turned on the lathe. Three experiments were carried out on the shavings.
(a) 30 g. were packed in a 'chromatography' tube and covered with OlN-citric acid solution (made up in glassdistilled water). A dropping funnel was affixed to the top by means of a rubber bung and 31. of citric acid solution were allowed to percolate slowly through the shavings. Finally the contents of the tube were removed, dried and incinerated; the percolate was also dried and reduced to ash. The ash from the partly decalcified shavings was examined spectrographically and the ash from the percolate was analysed for Mn by the periodate method. (b) 16.6 g. of shavings were treated similarly and 9-3 g. of ash were obtained from the percolate and 0-31 g. from the residue in the tube. Both fractions were tested for Mn. (c) 30 g. ofshavings were treated as before and the percolate collected in five fractions which were dried and incinerated separately. The residue in the tube consisted ofan upper translucent portion and a lower opaque portion; the two portions were separated and each reduced to ash and examined for Mn.
RESULTS

Exp. (i)
showed that the water-extracted shavings contained manganese (< 5 p.p.m.), but the ash from soluble material certainly contained no more. The aqueous extract from the bone marrow did not contain detectable amounts of manganese, but the ash from the cell-wall debris was richer than the total ash; it was enriched in manganese (10 p.p.m.) and in all other metals detected in bone (Al, B, Ba, Cu, Fe, Mg, Na, Pb, Sn, Sr and Zn) except potassium. Manganese was also detectable in the ash from both fatty fractions. The experiment showed that only a minute fraction of the total manganese in bone was present in a water-soluble form, and on the assumption that the bone phosphatase is extractable, little if any manganese can be directly attached to it. The small amount of manganese accompanying the fat may have been attached to the phosphoric acid residues of phospholipins.
Exp.
(ii) showed that the organic matter remaining after decalcification with nitric acid retained a small amount of inorganic matter which was richer (on ashing) in manganese, copper, and iron than the original ash from the untreated shavings. The Mn content was about 50 p.p.m.
Exp. (iii) showed that alkaline phosphatase could be extracted by means of water from both epiphyseal and diaphyseal bone. Manganese was detectable only in the ash from the epiphyseal extract. In any case there was no sign ofpreferential extraction of manganese as a congener or integral part of phosphatase.
Exp. (iv) showed clearly that the percentage of ash varies for the different portions of femur (Table 1) . 
